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(57) A clock control unit is provided that controls 
the gating of a clock signal received by an 
internal baud generator of a universal 
asynchronous receiver/transmitter (UART) cir- 
cuit during an active mode. The clock control 
unit monitors the UART circuit to determine 
whether the UART is currently idle. If the clock 
control unit determines that the UART is idle, 
the clock signal is gated by a synchronous 
clock gate circuit. Accordingly, the clock signal 
is not provided to the baud generator, and a 
corresponding baud rate signal that normally 
clocks the receiver state machine of the UART is 
not generated. Power consumption of the UART 
is thereby significantly reduced. When a certain 
predetermined system activity is thereafter de- 
tected by the clock control unit that indicates a 
need for activation of the UART, the clock 
control unit asserts a clock enable signal that 
causes the synchronous clock gate circuit to 
pass the clock signal to an input of the baud 
generator. The baud generator responsively 
generates the baud rate signal that clocks the 
receiver state machine as well as other internal 
portions of the UART. In one embodiment, the 
clock control unit causes the clock signal to be 
degated if the receipt of serial data is detected 
at the serial input line of the UART, if the 
receiver state machine is currently active, if the 
receiver FIFO and buffer register is not empty, if 
the transmitter FIFO and holding register is not 
empty, or if the transmitter state machine is 
active. 
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This invention relates to asynchronous receiv- 
er/transmitter circuits, preferably to power manage- 
ment techniques employed within asynchronous re- 
ceiver and transmitter circuits. 

A universal asynchronous receiver and transmit- 
ter, commonly abbreviated as a UART, is a prevalent- 
ly employed communications element within comput- 
er systems that allows serial data transmission and 
reception. A major task of a UART is parallel-to-serial 
and serial-to-parallel conversion. Briefly speaking, a 
typical UART includes a pair of shift registers with as- 
sociated FIFO buffers and control logic. Data to be 
serially transmitted is loaded into an output shift reg- 
ister, which is clocked at a predetermined bit rate. 
Start and stop bits are typically inserted that surround 
each data word during the serial data transmission. 
Serial data received by the UART is fed into an input 
shift register, and is clocked at the mid-point of each 
bit cell. The mid-point of each bit cell is determined by 
measuring the time relative to the start bit. When a 
complete word of data is received, the word is trans- 
ferred into the FIFO buffer in parallel format. When 
the FIFO buffer is filled to a predetermined capacity, 
a microprocessor of the computer system is typically 
interrupted and the data is unloaded from the FIFO 
buffer. 

A typical UART further includes a variety of con- 
trol and status registers that set and indicate various 
operating parameters, including the number of data 
bits, the number of stop bits, the type of parity, the 
clock divisor, and the status of the internal FIFO buf- 
fers. In addition to the basic serial input and output 
functions, most UART circuits also include connec- 
tions for modem control handshake signals for RS- 
232 operation. Details regarding specific UART cir- 
cuits may be found in a host of publications of the 
known prior art. 

One problem associated with typical UART cir- 
cuits is that the serial input and output ports usually 
remain idle for a significant portion of time. During the 
idle condition of a UART, the receiver state machine 
which controls the receipt of serial input data is 
clocked by the internal baud rate generator even 
though data is not actually being received. The receiv- 
er state machine is continuously clocked since the 
times at which data will be received are usually not 
known ahead of time. In addition to the receiver state 
machine, the baud rate generator may also clock 
other portions of the UART circuit during the idle con- 
dition. As a result, power is wasted when the UART is 
idle since the baud rate signal is unnecessarily being 
generated and provided to various internal portions of 
the UART. This is a particular problem when UART 
circuits are employed within battery-powered port- 
able computer systems. 

The problems outlined above are in large part 
solved by a system and technique for power manage- 
ment of a universal asynchronous receiver and trans- 



mitter by automatic clock gating to be described. In 
one embodiment, a clock control unit is provided that 
controls the gating of a clock signal received by an in- 
ternal baud generator of a universal asynchronous re- 

5 ceiver and transmitter (UART) circuit during an active 
mode. The clock control unit monitors the UART cir- 
cuit to determine whether the UART is currently idle. 
If the clock control unit determines that the UART is 
idle, the clock signal is gated by a synchronous clock 

10 gate circuit. Accordingly, the clock signal is not provid- 
ed to the baud generator, and a corresponding baud 
rate signal that normally clocks the receiver state ma- 
chine of the UART is not generated. Power consump- 
tion of the UART is thereby significantly reduced. 

15 When a certain predetermined system activity is 
thereafter detected by the clock control unit that indi- 
cates a need for activation of the UART, the clock con- 
trol unit asserts a clock enable signal that causes the 
synchronous clock gate circuit to pass the clock signal 

20 to an input of the baud generator. The baud generator 
responsively generates the baud rate signal that 
clocks the receiver state machine as well as other in- 
ternal portions of the UART. In one embodiment, the 
clock control unit causes the clock signal to be degat- 

25 ed if the receipt of serial data is detected at the serial 
input line of the UART (i.e., a falling edge of a start bit 
is detected), if the receiver state machine is currently 
active, if the receiver FIBO and buffer register is not 
empty, if the transmitter FIFO and holding register is 

30 not empty, or if the transmitter state machine is ac- 
tive. Depending upon the system, the clock control 
unit may further degate the clock signal if a level 
change is detected at a modem control line, if reset 
is active, or if a system cycle is in progress that in- 

35 volves the UART control logic. If none of these pre- 
determined activities is detected by the clock control 
unit, the clock enable signal is deasserted and the 
synchronous clock gate circuit responsively gates the 
clock signal. 

40 Broadly speaking, a first aspect of the present in- 

vention contemplates a system comprising an asyn- 
chronous receiver and transmitter circuit including a 
baud generatorfor generating a baud rate signal, a re- 
ceiver state machine coupled to the baud generator 

45 and capable of receiving serial data at a serial data in- 
put line, a transmit state machine coupled to the baud 
generator and capable of providing serial data at a 
serial data output line, a first data storage unit coupled 
to the receiver state machine for storing data received 

so by the receiver state machine in a parallel format, and 
a second data storage unit coupled to the transmit 
state machine for storing data to be transmitted by the 
transmit state machine. A clock gate circuit is also pro- 
vided having an input line for receiving an external 

55 clock signal and an output line for providing a UART 
clock signal to an input line of the baud generator, 
wherein the clock gate circuit selectively gates the ex- 
ternal clock signal depending upon a clock enable sig- 
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nal. A clock control unit is coupled to the clock gate 
circuit and to the asynchronous receiver and transmit- 
ted circuit which is capable of detecting a predeter- 
mined system activity and is capable of asserting the 
clock enable signal if a predetermined system activity 
is detected. 

A second aspect of the present invention further 
contemplates a serial communications circuit com- 
prising a baud generator for generating a baud rate 
signal, a receiver state machine coupled to the baud 
generator for receiving serial data at a serial data in- 
put line, and a transmit state machine coupled to the 
baud generator capable of providing serial data at a 
serial data output line. A first data storage unit is also 
provided that is coupled to the receiver state machine 
for storing data received by the receiver state ma- 
chine in a parallel format. A second data storage unit 
is further coupled to the transmit state machine for 
storing data to be transmitted by the transmit state 
machine. A clock gate circuit having an input line for 
receiving an external clock input signal and an output 
line for providing a reference clock signal to the baud 
generator depending upon a clock enable signal is 
further provided. A clock control unit is finally provid- 
ed coupled to the clock gate circuit, wherein the clock 
control unit is capable of detecting a predetermined 
system activity and is capable of asserting the clock 
enable signal if a predetermined system activity is de- 
tected. 

A third aspect of the present invention finally con- 
templates a power management method for an asyn- 
chronous receiver and transmitter circuit comprising 
the steps of providing a clock input signal to a clock 
gate circuit, detecting a predetermined system activ- 
ity associated with the asynchronous receiver and 
transmitter, asserting a clock enable signal in re- 
sponse to the detection of a predetermined system 
activity, providing a clock enable signal to a control 
line of the clock gate signal to thereby provide a UART 
clock signal to a baud generator, and deasserting the 
clock enable signal in response to completion of a pre- 
determined system activity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantages of the invention 
will become apparent upon reading the following de- 
tailed description and upon reference to the accom- 
panying drawings in which: 

Figure 1 is a block diagram that illustrates a sys- 
tem for power management of a universal asynchron- 
ous receiver/transmitter by automatic clock gating ac- 
cording to the present invention. 

Figure 2 is a schematic diagram that illustrates a 
synchronous clock gate and clock divide circuit em- 
ployed within the system of Figure 1 . 

While the invention is susceptible to various mod- 
ifications and alternative forms, preferred embodi- 



ments thereof are shown by way of example in the 
drawings and will herein be described in detail. It 
should be understood, however, that the drawings 
and detailed description thereto are not intended to 
5 limit the invention to the particular form disclosed, but 
on the contrary, the intention is to cover all modifica- 
tions, equivalents and alternatives falling within the 
spirit and scope of the present invention as defined by 
the appended claims. 
10 Referring now to the drawings. Figure 1 is a block 

diagram of one system for power management of a 
universal asynchronous receiver/transmitter by auto- 
matic clock gating according to the present invention. 
The system 100 includes a clock control unit 102, a 
15 synchronous clock gate 104, a clock divider unit 106, 
and a universal asynchronous receiver/transmitter 
(UART) circuit 108. The UART 108 includes a baud 
generator 110 coupled to a transmit state machine 
112 and to a receiver state machine 114. A transmit 
20 FIFO and holding register 116 is coupled to transmit 
state machine 112. and a receiver FIFO and buffer 
register unit 118 is coupled to receiver state machine 
114. A UART control logic unit 120 is finally coupled 
to baud generator 110, to transmit FIFO and holding 
25 register unit 116, and to receiver FIFO and buffer reg- 
ister unit 118. 

With respect to the transmission and receipt of 
serial data at lines 128 and 130, respectively, the de- 
sign and operation of baud generator 110, transmit 
30 state machine 112, receiver state machine 114, trans- 
mit FIFO and holding register 116, and receiver FIFO 
and buffer register 118 are conventional. Similarly, 
with respect to the CPU interface at port 126, the de- 
sign and operation of UART control logic unit 120 are 
35 also conventional. In the interest of simplicity and 
clarity, only a brief description regarding the conven- 
tional aspects of UART 108 will be provided below. 

During normal operation, baud generator 110 re- 
ceives a UART clock signal at line 122 and generates 
40 a baud rate signal at line 124 having a predetermined 
frequency. The baud rate signal is coupled to transmit 
state machine 112 and receiver state machine 114 
and provides a timing reference to control the receipt 
and transmission of serial data. 
45 Parallel data may be provided from an external 

source to UART 108 via the CPU interface port 126. 
CPU interface port 126 may be connected to. for ex- 
ample, a CPU local bus or a peripheral bus. Parallel 
data provided to CPU interface port 126 is passed 
so through UART control logic unit 120 and is stored 
within transmit FIFO and holding register 116. The 
parallel data is then transmitted in serial format by the 
transmit state machine 112 at the serial data output 
line 128. It is noted that a shift register (not shown) is 
55 embodied within transmit state machine 112, and that 
techniques for achieving the conversion of the paral- 
lel data to serial data by transmit state machine 112 
are well-known. 
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Serial data is similarly received by the UART 108 
at serial input line 130, and is converted to parallel 
data by receiver state machine 114. Each word of par- 
allel data from receiver state machine 114 is provided 
to receiver FIFO and buffer register unit 118. When a 
certain predetermined number of words have been fil- 
led within receiver FIFO and buffer register unit 118, 
or when, for example, a receiver time-out expires, the 
UART control logic unit 120 asserts an interrupt sig- 
nal at line 132 that alerts the microprocessor of the 
availability of data within the receiver FIFO and buffer 
register unit 113. In response, the microprocessor se- 
quentially unloads the parallel data from the receiver 
FIFO and buffer register unit 118. 

Details regarding the power management of 
UART 108 by automatic clock gating according to the 
present invention are next considered. An input clock 
signal Clock IN is provided to the synchronous clock 
gate 104 at line 136. If a clock enable control signal 
is asserted low at line 138, the Clock IN signal is pro- 
vided to divider circuit 106 which correspondingly fre- 
quency divides the Clock IN signal to thereby derive 
the UART clock signal at line 1 22. In one embodiment, 
the Clock IN signal at line 136 has a frequency of 24 
Mhz, and the clock divider circuit 106 is a divide by 13 
circuit. Accordingly, the UART clock signal at line 122 
has a frequency of 1.8462 Mhz. 

As will be understood better from the following 
description, if the clock control unit 102 determines 
that the UART 108 is idle and is not currently receiv- 
ing, processing or transmitting data, the dock enable 
signal at line 138 is deasserted high such that the 
Clock IN signal at line 136 is not provided to the clock 
divider circuit 106, and consequently such that the 
UART clock signal at line 122 is not generated. By re- 
moving the UART clock signal at line 122, the baud 
rate signal at line 124 is not generated by baud gen- 
erator 110. As a result, overall power consumption of 
the UART 108 is decreased when the UART is idle. 

The clock control unit 102 is provided to detect 
various predetermined system activities associated 
with UART 108 to determine whether the baud rate 
signal at line 124 must be generated. If the clock con- 
trol unit determines that the baud rate signal must be 
generated, it asserts the clock enable signal which 
causes the synchronous clock gate to degate the 
Clock IN signal and thereby allows the baud rate sig- 
nal to be generated. For the embodiment of Figure 1 , 
the clock control unit 102 asserts the clock enable 
signal if any one of variety of system activities are de- 
tected. Specifically, the clock control unit monitors 
the transmit state machine 112, the receiver state ma- 
chine 114, the transmit FIFO and holding register unit 
1 1 6, and the receiver FIFO and buffer register unit 1 1 8 
via lines 151-154. The dock control unit further mon- 
itors the serial input line 1 30. If any one of the follow- 
ing predetermined system activities are detected by 
the clock control unit 102, the clock enable signal at 



line 138 is asserted. These predetermined system ac- 
tivities are: the transmit state machine 112 is active, 
the receiver state machine 114 is active, the transmit 
FIFO and holding register unit 116 is not empty, the 

5 receiver FIFO and buffer register unit 118 is not emp- 
ty, and a level transition is detected at the serial input 
line 130. Since each of these predetermined system 
activities indicates a need for the generation of the 
baud rate signal at line 124, the dock control unit as- 

10 serts the dock enable signal upon detection. When 
the detected activity later completes and is no longer 
detected by dock control unit 102, and if none of the 
other predetermined system activities is currently be- 
ing detected, the dock control unit 102 deasserts the 

15 clock enable signal such that the Clock IN signal at 
line 136 is gated. As stated previously, when the 
Clock IN signal is gated, a baud rate signal is no lon- 
ger generated at line 124, and power consumption is 
reduced. 

20 It is noted that depending upon the particular 

UART circuit, other predetermined system activities 
may also be monitored by dock control unit 102 to de- 
termine whether the baud rate signal must be gener- 
ated. For example, in one configuration, the clock 
25 control unit monitors a system reset signal at line 160 
and causes the clock enable signal to be asserted if 
an active reset is detected. The baud rate signal must 
be generated during this situation (when the reset sig- 
nal is active) since the baud rate signal is necessary 
30 for initialization. Similarly, the clock control unit may 
be configured to detect certain system cycles at CPU 
interface port 126 if the baud rate signal is necessary 
to drive the UART control logic unit 120. Finally, the 
clock control unit may be configured to detect an ac- 
35 tive modem control signal at line 164 and to respon- 
sively assert the clock enable signal. 

It is further noted that the deassertion of the clock 
enable signal by the clock control unit 1 02 in response 
to the completion of a detected system activity (as de- 
40 scribed above) may be delayed by a predetermined 
amount of time after the system activity completes or 
is no longer detected. Such a predetermined delay 
may be desirable to allow the UART 108 to complete 
operations associated with the detected activity. For 
45 example, as stated previously, the clock control unit 
102 asserts the dock enable signal when the reset 
signal becomes active. Subsequently, when the reset 
signal becomes inactive, the clock control unit 102 
may be configured to wait a predetermined time be- 
so fore deasserting the clock enable signal. This may al- 
low, for example, certain initialization operations to 
complete. 

Figure 2 is a schematic diagram that illustrates an 
implementation of synchronous dock gate 104 and 
55 clock divider unit 1 06. As illustrated in Figure 2, a sim- 
ple counter circuit 200 is employed to implement the 
synchronous clock gate 1 04 and dock divider unit 1 06 
of Figure 1 . An input clock signal is provided to a dock 
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input of counter circuit 200, and a divided clock signal 
is extracted from one of the output lines of the counter 
circuit 200. The clock enable signal from clock control 
unit 102 is provided to an enable line of the counter 
circuit 200. tn accordance with the synchronous clock 
gate and clock divider of Figure 2, the gating and de- 
gating of the Clock IN signal is performed synchro- 
nously with respect to the Clock IN signal, and clock 
"slivers" are thereby avoided. 

Referring back to Figure 1, it is noted that clock 
control unit 102 may be implemented with combina- 
tional logic circuitry, and that the clock control unit 
102 may be enabled by an external enable signal. 
Furthermore, an empty flag associated with transmit 
FIFO and holding register 116 and an empty flag as- 
sociated with receiver FIFO and buffer register 118 
may be used to derive the monitored signals at lines 
153 and 154. 

It is noted that in a further embodiment, clock 
control unit 102 may monitor a time-out counter as- 
sociated with receiver FIFO and buffer register unit 
118. As is known to those of skill in the art, such a 
time-out counter may be employed within a typical 
UART to cause an interrupt signal to be asserted to 
the microprocessor if data is held by the receiver 
FIFO 118 for a time duration that exceeds a time-out 
counter period. For such an embodiment, the clock 
control unit 1 02 asserts the clock enable signal during 
the time at which the time-out counter of receiver 
FIFO and buffer register 1 1 8 is active. When the count 
period of the time-out counter expires, the clock con- 
trol unit 102 deasserts the clock enable signal such 
that the baud rate signal is no longer generated even 
if data is still contained within the receiver FIFO and 
buffer register unit 118. Following the deassertion of 
the clock enable signal, the microprocessor may un- 
load the data from receiver FIFO and buffer register 
unit 118. 

It is further noted that the transmit FIFO and hold- 
ing register unit 116 and the receiver FIFO and buffer 
register 118 may each be implemented using any type 
of data storage units. For example, the transmit FIFO 
and holding register unit 116 as described above may 
include a multi-byte storage FIFO, or only a single-by- 
te storage register. Similarly, receiver FIFO and buf- 
fer register unit 113 may include a multi-byte storage 
FIFO, or only a single-byte storage register. 

Numerous variations and modifications will be- 
come apparent to those skilled in the art once the 
above disclosure is fully appreciated. For example, 
the specific circuitry used to implement the internal 
subunits of UART 10&may vary depending upon the 
requirements of a particular application. Further- 
more, the predetermined system activities that are 
detected by clock control unit 102 may vary depend- 
ing upon the particular UART circuit employed, tn that 
regard, system activities in addition to those indicated 
above may be detected by clock control unit 102 and 



cause the clock enable signal to be asserted. It is in- 
tended that the following claims be interpreted to em- 
brace all such variations and modifications. 



Claims 

1. A system comprising: 

an asynchronous receiver and transmitter 
10 circuit including: 

a baud generator for generating a 
baud rate signal; 

a receiver state machine coupled to 
said baud generator and capable of receiving ser- 
fs ial data at a serial data input line; 

a transmit state machine coupled to 
said baud generator and capable of providing ser- 
ial data at a serial data output line; 

a first data storage unit coupled to 
20 said receiver state machine for storing data re- 

ceived by said receiver state machine in a parallel 
format; and 

a second data storage unit coupled 
to said transmit state machine for storing data to 
25 be transmitted by said transmit state machine; 

a clock gate circuit having an input line for 
receiving an external clock signal and an output 
line for providing a UART clock signal to an input 
line of said baud generator, wherein said clock 
30 gate circuit selectively gates said external clock 

signal depending upon a clock enable signal; and 
a clock control unit coupled to said clock 
gate circuit and to said asynchronous receiver 
and transmitted circuit, wherein said clock con- 
35 trol unit is capable of detecting a predetermined 

system activity and is capable of asserting said 
clock enable signal if said predetermined system 
activity is detected. 

40 2. The system as recited in Claim 1 wherein said 
clock control unit is capable of detecting a signal 
transition at sard serial data input line, and where- 
in said clock control unit asserts said clock en- 
able signal in response to a detection of said sig- 
45 nal transition at said serial data input line. 

3. The clock control unit as recited in Claim 1 where- 
in said clock control unit is coupled to said receiv- 
er state machine, wherein said clock control unit 

so asserts said clock enable signal if said receiver 

state machine is active. 

4. The system as recited in Claim 1 wherein said 
clock control unit is coupled to said first data stor- 

55 age unit, wherein said clock control unit asserts 

said clock enable signal if said first data storage 
unit is not empty. 
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5. The system as recited in Claim 1 wherein said 
asynchronous receiver and transmitter circuit 
further includes a control logic unit coupled to 
said first and second data storage units for inter- 
facing data transfers between a microprocessor 5 
and said asynchronous receiver and transmitter. 

6. The system as recited in Claim 1 wherein said 
first data storage unit includes a FIFO buffer 

10 

7. The system as recited in Claim 1 further compris- 
ing a clock divider circuit connected between said 
clock gate circuit and said baud generator, where- 
in said clock gate circuit selectively provides said 
external clock signal to said divider circuit and 15 
wherein said divider circuit generates said UART 
clock signal. 

8: The system as recited in Claim 1 wherein said 

clock gate circuit is a synchronous clock gate cir- 20 
cuit. 

9. The system as recited in Claim 7 wherein said 
clock gate circuit and said clock divider are imple- 
mented with a counter circuit. 25 

10. The system as recited in Claim 1 wherein said 
clock control unit is connected to said transmit 
state machine, and wherein said clock control 

unit asserts said clock enable signal if said trans- 30 
mit state machine is active. 

11. The system as recited in Claim 1 wherein said 
clock control unit de asserts said clock enable 
signal if said predetermined system activity is not 35 
detected. 

12. The system as recited in Claim 11 wherein said 
clock control unit deasserts said clock enable 
signal a predetermined time delay after said pre- 40 
determined system activity completes. 

13. A serial communications circuit comprising: 

a baud generator for generating a baud 
rate signal; 4 $ 

a receiver state machine coupled to said 
baud generator for receiving serial data at a serial 
data input line; 

a transmit state machine coupled to said 
baud generator capable of providing serial data at so 
a serial data output line; 

a first data storage unit coupled to said re- 
ceiver state machine for storing data received by 
said receiver state machine in a parallel format; 

a second data storage unit coupled to said 55 
transmit state machine for storing data to be 
transmitted by said transmit state machine; 

a clock gate circuit having an input line for 



receiving an external clock input signal and an 
output line for providing a reference clock signal 
to said baud generator, wherein said clock gate 
circuit selectively gates said external clock signal 
depending upon a clock enable signal; and 

a clock control unit coupled to said clock 
gate circuit, wherein said clock control unit is ca- 
pable or detecting a predetermined system activ- 
ity and is capable of asserting said clock enable 
signal if said predetermined system activity is de- 
tected. 

14. The serial communications circuit as recited in 
Claim 13 wherein said clock control unit is capa- 
ble of detecting a signal transition at said serial 
data input line, and wherein said clock control unit 
asserts said clock enable signal in response to a 
detection of a signal transition at said serial data 
input line. 

15. The serial communications circuit as recited in 
Claim 13 wherein said clock control unit is cou- 
pled to said receiver state machine, wherein said 
clock control unit asserts said clock enable signal 
if said receiver state machine is active. 

16. The serial communications circuit as recited in 
Claim 13 wherein said clock control unit deas- 
serts said clock enable signal if said predeter- 
mined system activity is not detected. 

17. The serial communications circuit as recited in 
Claim 13 wherein said clock control unit deas- 
serts said clock enable signal a predetermined 
time delay after said predetermined system activ- 
ity completes. 

18. A power management method for an asynchron- 
ous receiver and transmitter circuit comprising 
the steps of: 

providing a clock input signal to a clock 

gate circuit; • 

detecting a predetermined system activity 
associated with said asynchronous receiver and 
transmitter; 

asserting a clock enable signal in re- 
sponse to the detection of said predetermined 
system activity; 

providing said clock enable signal to a con- 
trol line of said clock gate signal to thereby pro- 
vide a UART clock signal to a baud generator and 

deasserting said clock enable signal in re- 
sponse to completion of said predetermined sys- 
tem activity. 

19. The method for managing power within an asyn- 
chronous receiver and transmitter circuit wherein 
said step of detecting a predetermined system 
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activity includes the step of detecting whether a 
receiver state machine is receiving serial data at 
a serial data input line. 

. The method for managing power within an asyn- 5 
chronous receiver and transmitter circuit com- 
prising the further steps of: 

detecting whether a receiver storage unit 
contains data; and 

asserting said clock enable signal if said 10 
receiver storage unit contains data. 
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